Stone crushing industry plays a vital role in the economy and urban development of fast developing countries like India. Stone mines and crushers in India are located around major cities and roughly employ around 5,00,000 peoples throughout the country. However this employment generating industry also happens to be one of the most dust generating activity and also a precursor to the respiratory disease, silicosis. This study was under taken with an objective to estimate the personal exposure of the workers to silica laden dust in this industry sector. Personal dust sampling (n=11) and (n=6) was carried out in stone crushing and stone mining (quarry)areas respectively over a period of three consecutive days in selected units in a suburban area of Nalgonda district of Telangana state in India. The respirable dust exposure and free silica content was then estimated. It was observed that three (
Introduction
Metal and masonry stone, building material, etc play a vital role in urbanisation 1 and today's stone mining and crushing have become the backbone of infrastructure development in India [2] [3] [4] . The finished product of stone crushing units in the form of crushed stone, stone chips of various sizes; plays a crucial role as a raw material for various construction activities viz. construction of roads, highways, bridges, buildings, canals, etc 5 . Considering the pace with which India is developing and also the rate of urban sprawl; requirements of building materials such as crushed stone, aggregates, stone chips, etc are on the rise.
Stone mines and crushers are usually located near major cities and towns so as to cater to the growing demand of raw material and construction activities 3, 5, 6 . Stone crushers range in size from large operations with many employees producing more than one million tons of material per year to small operations with 4 to 5 employees and supplying aggregate to local market. Being an unorganized sector, there is no reliable data available on total numbers of stone crushers in India. However, it is estimated that there are around 12,000 stone crushers employing around 5,00,000 people 7 .
Metal stones being classified as minor minerals in India, come under the ' Mines An expert group constituted by the Union Government of India identified "stone quarries and crushers" in India as a silicosis prone industry 9 .Silica is the most common mineral found in earth's crust, with the most usual form of its presence being quartz 4, 8 .Grinding of metal stone which is known to contain silica is therefore known to enhance the risk of silicosis 4, 10 .
Literature survey revealed that Suspended Particulate Matter (SPM) from stone crushers has detrimental effects on nearby flora and fauna 5, 6, 11 . Respirable dust exposure studies in stone crushers are available in the present literature. However, stone mining and crushing unit together within the ambit of Indian Mines Act 1952 and Indian Factories Act 1948 for assessment of possible exposure to silica dust in India are scarce.
Sector background
Stone mining and crushing sector is well known for its association with dust generation. Stone mining usually starts with removal of overburden and extraction of material including fragmentation of the material by drilling and blasting. This is followed by mechanical excavation whereby hammers, rippers, excavators and other machineries are used based on the degree of mechnisation of the quarry.The extracted material consisting of stones of various sizes viz. fines are then temporarily stock piled at site. This is then transported to crushers using trucks, tippers and dumpers. A step wise detail of stone quarrying and crushing is illustrated in Figure 1 Based on the degree of mechanisation as well as the infrastructure available, stone crushers may have primary, secondary or tertiary crushers so as to processthe incoming material to required size. Screening, sizing or other equipment with vibratory feeders and connecting conveyors are also common for separating the material into size fractions and conveying it to stock piles. Crushing stones are brought to the required sizes as per the industry demand and desired end use. Stone chips called "gitti" in local language are usually available in various sizes such as 0-4 mm, 4-8 mm, 8-12 mm, 12.5-23 mm and 23-40 mm. These in addition are also accompanied by another end product -fine sand, which is also often stored in the premises and supplied as per requirement.
Standards and legislation in Indian Context
Regulatory framework in India is quite developed and provisions for preventing workers from dust exposure are documented. However, enforcement and regulation are observed to be very poor 12 .
Fig. 1: Material and activity flow of stone quarry and crusher operation
National Ambient Air Quality Standards (NAAQS) defines standards for regulating particulate matter concentration in industrial, residential as well as ecologically sensitive areas in the country 13 .
Environment .
Materials and Methods
A cluster of stone mining and crushing units in the Nalgonda district of Telangana state, India were selected for the purpose of this study. Dust monitoring was conducted in four stone mines and their associated crushing units, each having capacities in the range from 100-250 TPH, in the month of March 2016.
Accordingly a total of seventeen (n=17) personal dust samples were collected using respirable dust samplers of SKC make (Model: Sidekick-51Ex). These were calibrated prior to sampling for a flow rate of 2.2 liters/min and the assembly of pre-weighed PVC filter paper was attached to the worker's belt for the purpose of sampling for an entire working shift. Post sampling, the flow rate of the samplers and the difference in weight of the filter paper was noted. Tables 1 and 2 respectively for the exposure in stone mines and crushing sector. A graphical representation of the said results and their respective comparisons with the MEL/PLV is presented in Figure 2 and 3 respectively.
In order to derive a better understanding, correlation assessment was done using the statistical test of Pearson's correlation to test the strength of relationship between free silica measured and concentration of dust reported. The same has been presented in Figure 4 .
results
In lines with the objective of this study a total 17 personal dust samples were collected (Crushing unit= 11 and Stone mine= 6) from the study area. Stone mines selected for this study were fully mechanised. In stone mining, the primary sources contributing to dust are blasting, drilling, loading and hauling. Drilling and blasting are momentary activities and take place once in a week or two. However, loading and hauling are continuous process. Since only HEMM (shovel) operators were involved in loading material into the dumpers and tippers, only these were studied. It is evident from Table 1 that as compared to HEMM operators, the helpersengaged at the crusher area were exposed to higher concentrations of dust. While the HEMM operators were exposed to 1.21mg/m 3 MRE equivalent concentration; whereas helpers working in stone crushing unit were exposed to 2.82mg/m 3 8 hr TWA. It can be therefore safely said that the HEMM operators were less vulnerable to respirable dust inhalation since the quantum of exposure was less. The aspect that these operators operated from enclosed cabins of shovels played a major role in preventing their direct exposure to dust. A scatter plot as depicted in Figure 4 , was plotted for free silica estimated (mg) against the amount of dust collected (mg) to get an idea of the distribution of data. Pearson's coefficient (r = 0.9756) as well as a p-value < 0.0001indicated a very strong positive relationship between these two variables.
A graphical representation of MRE equivalent values and the corresponding Per missible

Discussion
A simple glance at the results of the study is enough to indicate that workers working in stone crushing plants were exposed to high levels of dust and free silica contained there in. A similar observation could also be made about the workers in the stone mines. High exposures as these pose serious occupational health hazards to the personnel working here.
During subjective evaluation of the working conditions of the said study area it was observed that the overall mining environment was less dusty as compare to the crushing plant. It was also observed that the scope of dispersion of the liberated dust was more in the mining area as compared to the crusher unit. Thus helpers at the crushing unit were highly exposed to respirable dust as compared to the HEMM operators in the mining area. The fact that the HEMM operators worked in enclosed cabins further helped reduce the exposure of the HEMM operators. Helpers in the crusher area were highly exposed to crystalline silica as compared to mining workers. In this particular case study, walk through surveys in the crushing units hinted at working environment being dusty and thereby unsafe. The same was ratified with the results of the study which exceeded the prescribed limits of statutory agencies.
A moderately similar study conducted by Semple et al., (2008) measured respirable dust on two occasions for a total of 5 hours 27 minutes giving concentrations of 0.07 mg/m 3 and 0.25 mg/m 3 19 . Results of our present study are higher to that of Semple et al., (2008) , in our study respirable dust exposure in stone mining area was observed between the 0.27-2.87 mg/m 3 whereas, in stone crusher it was 0.38-8.27 mg/m 3 . Also, in both cases viz. stone mines and crushing unit, dust exposure for two (2) and three (3) samples respectively had exceeded the MEL and PLV values. Since a majority of the workers were exposed to high levels of dust containing free silica during the course of their work there is every possibility of serious health issues arising for the workers in the future. Exposure to dust and crystalline silica in stone quarry and crusher sector can lead to deterioration of pulmonary function 20, 21 .
Magne et al., (2003) in his study has reported that exposure to crystalline silica in the range from 0.05 mg/m 3 -0.1 mg/m 3 for a period ranging from 20 -45 years is responsible for chronic silicosis and can also be considered as a human carcinogen 22 .
Further, Ugbogu et al., (2000) in his study has also reported that small scale mining workers in developing countries are unaware of the impact of dust to which they are exposed unknowingly 23 . The average age of workers participating in the dust survey was 31 years, with a reported average exposure of 6 years to dust laden silica in this industry. Interaction with the workers also revealed that a majority of the workers were unaware of silicosis and its impacts on health. It was observed that knowledge on the precautionary measures was lacking.
With respect to the case study, it is note worthy to point out that differentiated responsibility for regulating and inspecting this sector are one of the reasons for poor implementation of dust prevention measures. Stone mining comes under the ambit of Indian Mining Act; however when the very same stone goes to the crushing unit for further crushing and grading, the resultant dust generation and its impact on man comes under the ambit of Indian Factories Act. Authors are of the opinion that, environmental pollution and occupational exposure are interlinked and this close link needs to be understood by the statutory agencies while implementation of regulations. Control of environmental dust concentration would ultimately decrease the concentration of personal dust exposure in the occupational environment.
Active implementation of intervention policy for control of exposure to silica laden dust is a necessity today. Issues such as silicosis in the stone mining and crushing sector which ultimately prove fatal for those at the lower end of the economic ladder should be accorded due priority by stressing on implementation of safety during operation. Awareness of the hazards of this industry and personal protective equipment for the workers employed here should be made compulsory there by attempting to arrest the spread of silicosis instead of compensation to families of the deceased. Absence of dust suppression measures, uncovered conveyor belts, lack of plantation along mining periphery, absence of water spraying during loading and unloading of trucks, etc should be strictly tackled with so as to meet India's commitment to eradicate silicosis by 2030.
The present study has attempted to portray the current situation of occupational dust and silica exposure in stone mines and crushing sector. This case study approach if adopted over a larger scale can help uncover the gist of the problem of safety and also its health impact in the Indian small scale stone mining sector.
